In the first decade of the st century, two oceanic large igneous provinces (LIPs), the Ontong Java Plateau (OJP) and the Shatsky Rise, were drilled to recover basement lavas. Coring data show that basement rocks comprise massive sheet flows, similar to continental flood basalts. The high effusion rate to generate the massive sheet flows cannot be explained by normal plate tectonic processes. Because the two LIPs are considered to have formed at plate boundaries, previous workers have suggested that thermal plume heads underlie plate boundaries, generating voluminous magmas. Ar-Ar data show that the duration of LIP magmatism exceeds that of the predictive model for plumes. Minor volcanic episodes between and Ma occurred in the OJP, with the major event occurring at ~ Ma. For the Shatsky Rise, a ~ Myr hiatus separates the final massive flows from main volcanism. Petrological data suggest the temperature of the magma source (potential temperature) was ~ °C , higher than the ambient mantle of the OJP, ~ -°C higher than the Shatsky Rise, and lower than that of the plume model (> °C ). Geochemical data show that lavas from the two LIPs are variably enriched relative to normal upper mantle, suggesting they were derived from a plume source. However, unequivocal plume signatures (e.g., lower-mantle geochemical signatures with high He/ He) have not been identified in the volcanic products of the LIPs. Similarly, some lava compositions suggest the contribution of subducted slab materials to their magmatic source. Furthermore, the amount of subsidence following emplacement of the LIPs is less than that predicted by the thermal plume model. Thus, our study shows that a simple thermal plume model does not account for the genesis of the LIPs, indicating that more complex (e.g., thermochemical) models should be developed. Recent oceanic crust drilling programs have improved our understanding of LIP magmatism, but further work is required to constrain its characteristics and source.
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, Richards et al., 1989; Duncan and Richards, 1991 -Fig Sager et al., 2016) showing (a) the plume head model (Richards et al., 1989; Duncan and Richards, 1991) , where a large bulbous mass of hot material is generated at the coremantle boundary and rises buoyantly through the mantle (A1), causing a massive eruption when it reaches the lithosphere (A2). In the ocean, this would form an oceanic plateau. (b) The fertile mantle model (Foulger, 2011; Anderson and Natland, 2014) , where a divergent plate boundary overrides a portion of the mantle in which the melting temperature is depressed, causing massive decompression melting. Sketches are not to scale. TL: triple junction. Miyoshi et al., 2015 
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Griffith and Campbell and Griffith, 1990; Campbell, 2005 Anderson, 1995 Foulger, 2011 Figs. 7A, 7B Mahoney et al., 1993; Tejada et al., 1996 Tejada et al., , 2002 Tejada et al., , 2004 Kroenke 1185 1187 Kwaimbaita Tejada et al., 1996 Tejada et al., , 2002 Chambers et al., 2004; Shimizu et al., 2015) and the Shatsky Rise Geldmacher et al., 2014; Heaton and Koppers, 2014; Tejada et al., 2016 Sano et al., 2012) , and the fields of fresh basalt samples from the East Pacific Rise (EPR; N-and E-MORB). Melting curves show model calculations of non-modal batch melting of source mantle. Primitive mantle (PM) depleted by the extraction of 1% continental crust (CC; PM-CC in A) is assumed for the OJP mantle source (Fitton and Godard, 2004; Tejada et al., 2004) , and depleted mantle (DM in B) is assumed as the Shatsky Rise mantle source (Sano et al., 2012; Heydolph et al., 2014) . Tick marks in the curves correspond to degrees of partial melting in wt.%. Two peridotites, garnet-and spinel-lherzolites, are selected as the starting materials for the melting calculations. Compositions of the DM source, mantle mineral proportions, and melting modes are from Salter and Strache (2004), with trace element distribution coefficients from Kelemen et al. (2003) , PM source from Sun and McDonough (1989) , and average CC composition from Rudnick and Fountain (1995) . Basalt sample data are from Fitton and Godard (2004) for the OJP, Sano et al. (2012) for the Shatsky Rise, and PetDB (www. earthchem.org/petdb) for the EPR N-and E-MORB. (c) Variations in the degree of fractional melting (%) with depth for a MORB-source mantle (KLB-1), with potential temperatures ranging from 1200 to 1600 C (after Iwamori et al., 1995) . The boundary at which melting stops shows the depth to the base of the OJP and Shatsky Rise crust (~30 km). Horizontal lines show the estimated ranges for melting of the Shatsky Rise (15%-22%), OJP (27%-31%), and MORB (12%-15%) parent magmas (after Langmuir et al., 1992; Neal et al., 1997; Niu and O Hara, 2008; Fitton and Godard, 2004; Sano et al., 2012; Husen et al., 2013 (Mahoney et al., 1993; Tejada et al., 2004) , Shatsky Rise Heydolph et al., 2014) , Site 1179 MORB Heydolph et al., 2014) , modern EPR N-MORB (N = 134 from the PetDB), Hikurangi Plateau (Hoernle et al., 2010) , and Manihiki Plateau (Hoernle et al., 2010) . The data for the Shatsky Rise and Site 1179 MORB are agecorrected to 144 Ma, and those of the OJP, Hikurangi Plateau, and Manihiki Plateau to 120 Ma. The 144 Ma N-MORB source field was calculated assuming Sm = 0.27 ppm, Nd = 0.713 ppm, Lu = 0.063 ppm, Hf = 0.199 ppm, Pb = 23.2 ppb, and U = 4.7 ppb (after Salters and Stracke, 2004) . All Nd and Hf isotope data are chondrite-normalized after Schilling et al. (1983) . Errors bars are smaller than, or similar in size to, the symbols. Site 1179 MORB data are interpreted to represent the local upper-mantle composition at the time of Shatsky Rise volcanism . (c) Temporal increase in isotopic heterogeneity during Shatsky Rise volcanism, as the magma volume decreased (after Heydolph et al., 2014) . The subsidence is calculated using the average vapor saturation pressure for fresh glasses (Michael, 1999; Roberge et al., 2005; Shimizu et al., 2013) . Subsidence curves for normal oceanic lithosphere are calculated using the models of Parsons and Sclater (1977) , and Stein and Stein (1998 Kumagai et al., 2002, Lin and van Keken, 2005 Nd-SrPb-Hf 3 N-MORB 3 Nakanishi et al., 1999; Sager et al., 1999 3 Taylor, 2006 Chandler et al., 2012; Hochmuth et al., 2015 Whittaker et al., 2015 2 Tejada et al., 1996 , 2002 Ishikawa et al., 2007; Sano et al., 2012; Heydolph et al., 2014; Hanyu et al., 2015; Sano and Nishio, 2015 Sager et al., 2016) . Data for the OJP and Shatsky Rise indicate the mantle melting anomaly was distinct from N-MORB, but likely did not have a large temperature anomaly or cause the large amount of uplift expected from a thermal plume head. Thus, the two oceanic plateaus may have formed from a thermochemical plume. Isotopic data suggest the magmatic source was the lower mantle containing recycled crustal material (Tejada et al., 2002 (Tejada et al., , 2004 (Tejada et al., , 2013 Heydolph et al., 2014; Hanyu et al., 2015) ; however, this is only possible under the assumption that crustal material descended to the core-mantle boundary prior to mantle upwelling. Alternatively, this material may never have left the upper mantle. Most basaltic ocean plateaus form at triple junctions or ridges, suggesting an anomalous volume of mantle material is entrained in the upwelling of the upper mantle caused by plate divergence.
